The study aimed to determine the relationship between left ventricular (LV) diastolic function and the heart's spontaneous baroreflex at rest and in response to orthostatic stress during a prospective follow-up of hypertensive patients with LV hypertrophy (LVH þ ). LV structure and function and baroreflex sensitivity (BRS) during tilt testing were evaluated in 24 LVH þ patients and compared with 25 age-matched healthy controls and 25 hypertensive patients without LVH (LVH À ). Clinical status, diastolic function and BRS were then assessed in LVH þ patients during treatment with telmisartan (monotherapy or combined with hydrochlorothiazide and/or amlodipine) at 6-and 18-month follow-ups. LVH þ patients had significantly altered diastolic function indices and decreased BRS as compared with healthy controls and LVH À patients. During the 18-month follow-up, favorable changes in diastolic function were associated with improvement in BRS at rest and during tilting. In multivariate regression models, an index reflecting rate of LV myocardial relaxation (E' sept ) where E' sept denotes peak early diastolic velocity at the septal mitral annulus and a surrogate for LV filling pressure (E/E' sept ), independently from other clinical and echocardiographic variables related to the low-frequency component of BRS during tilting. In conclusion, the LV diastolic function indices have independent associations with BRS parameters obtained at rest and during orthostatic stress in LVH þ patients receiving long-term pharmacological intervention.
INTRODUCTION
Age and left ventricular hypertrophy (LVH) are major determinants of left ventricular (LV) diastolic dysfunction 1 and impaired autonomic activity assessed both at rest and during stress (tilt testing or lower body negative pressure). [2] [3] [4] [5] Drug-induced regression of LVH improves diastolic function, 6 and cardiopulmonary reflexes, 5 and is associated with a reduced rate of cardiovascular events, additional to effects of blood pressure lowering and treatment modality. 7 Abnormalities due to LV diastolic dysfunction in hypertensive patients have an unfavorable impact on cardiovascular morbidity and mortality. 8, 9 Parameters derived from tissue Doppler imaging (TDI) are commonly used to assess diastolic function and provide incremental prognostic information. Wang et al. 10 demonstrated that a measure of LV myocardial relaxation rate, that is, early diastolic mitral annulus velocity, independently determines cardiac mortality in hypertensive patients with LVH currently receiving treatment. However, new indicators of cardiovascular risk in patients with hypertension have been sought among the autonomic indices. 11 The EVABAR study defined the prognostic value of the baroreflex sensitivity (BRS) as measured using the sequence method in a cohort of hypertensive patients without cardiovascular events. 12 A reduction in the BRS was found to be an independent marker for mortality and other major adverse events, including non-fatal myocardial infarction, coronary revascularization and stroke. Some studies have reported a link between LV diastolic function and the BRS in different cardiovascular conditions, 13, 14 but the mechanism and causality have not been explicitly established.
This study aimed to determine the relationship between LV diastolic function indices and the heart's spontaneous baroreflex at rest and in response to gravitational stress during a prospective follow-up of hypertensive patients with LVH.
PATIENTS AND METHODS

Study population and follow-up
The study group consisted of middle-aged, previously untreated hypertensive patients and healthy controls. The exclusion criteria included secondary hypertension, coronary or valvular heart disease, reduced LV systolic function (LV ejection fraction o55%), congestive heart failure, significant rhythm or conduction abnormalities, diabetes, renal failure, and neurological diseases. After a baseline evaluation, 24 hypertensive patients with LVH were given telmisartan (40 mg). If the blood pressure was X140/ 90 mm Hg, the drug dose was doubled after 4 weeks. If necessary, after 8 weeks, oral hydrochlorothiazide (12.5 mg) was initiated, and after 12 weeks, amlodipine (5 to 10 mg) was added. Measurements were taken at baseline, and at 6-and 18-month follow-up to assess the diastolic function and the BRS indices during a head-up tilt test. In addition, two agematched control groups consisting of 25 healthy normotensive subjects and 25 previously untreated hypertensive patients without LVH were examined. All the patients were thoroughly informed about the study and signed a written informed consent form that was approved by the Institutional Committee on Human Research.
Ambulatory blood pressure monitoring Non-invasive, automatic, 24-h blood pressure monitoring was performed in all of the patients using the oscillometric method (Spacelabs 90207, Spacelabs Healthcare, Hertford, UK). The hypertensive patients with LVH were evaluated at baseline, and after 6 and 18 months. The device was applied in the morning, and then the subjects returned home and performed their usual activities. The readings were repeated every 15 min throughout the day (from 0700 to 2300 hours) and every 30 min at night (from 2300 to 0700 hours). The blood pressure recordings that showed o70% successful readings were rejected and repeated. The blood pressure thresholds for the definition of hypertension were set according to the following international guidelines:
15 a mean 24-h reading of 4130/ 80 mm Hg, a daytime reading of 4135/85 mm Hg or a nighttime reading of 4120/70 mm Hg. The systolic blood pressure (SBP) variability was expressed as a s.d. of the median SBP.
Echocardiographic measurements
Transthoracic echocardiography was performed in all of the subjects using the VIVID 7 Dimension ultrasound system (GE Healthcare, Milwaukee, WI, USA). Hypertensive patients with LVH were assessed at baseline, and at a 6-month and 18-month follow-up. Measurements of the LV dimensions and wall thickness were made using a 2D-guided, M-mode technique for X5 cardiac cycles according to the recommendations of the Penn convention. The LVM was calculated using a formula by Devereux and Reichek 16 and was normalized to the body surface area (BSA) and the height to the 2.7th power. LVH was defined as an LVM index 4125 g m -2 in males and 4110 g m -2 in females. 17 The relative wall thickness was calculated as 2 Â posterior wall thickness/end-diastolic LV internal diameter. The left atrial dimension at the end of systole was assessed by placing the M-mode cursor through the aortic valve in the parasternal long-axis view. Left atrial size was indexed to BSA. 18 Diastolic functional parameters were recorded according to the recommendations of the American Society of Echocardiography. 19 Pulsed-wave Doppler was used to measure the peak early (peak early transmitral velocity (E)) and late (peak late transmitral velocity (A)) diastolic transmitral velocities and the transmitral E velocity deceleration time. The isovolumic relaxation time was derived by CW Doppler according to the given guidelines. 19 The apical four-chamber view was used to obtain TDI of the mitral annulus. Peak early (E' sept ) and late (A' sept ) diastolic velocities at the septal mitral annulus were measured, where E' sept denotes peak early diastolic velocity at the septal mitral annulus and A' sept denotes peak late diastolic velocity at the septal mitral annulus. As an index of the LV filling pressure, the E/E' sept was calculated based on X5 consecutive Doppler signals. The data were analyzed and interpreted by two experienced echocardiographers who were blinded to the clinical and treatment statuses.
BRS assessment
All of the subjects fasted for at least 6 h before the examination, which started between 0730 and 0900 hours. The patients lied supine on a tilt table for 30 min. Thereafter, the tilt table was driven to 601 for 30 min and then returned back to the horizontal position. The patients were assessed at 5-min intervals, including the initial period of tilting and in the supine position immediately following the 30 min of tilting. According to the results of our previous study, 3 which were confirmed by our current analyses, the latter period compared with being in the supine position preceding the orthostatic stress revealed more significant differences in the autonomic markers between the hypertensive patients with LVH and the controls. The electrocardiogram and respiration rate were recorded using the Porti 7 device (TMS International, Enschede, The Netherlands). The finger arterial pressure was recorded beat-to-beat using the third digit of the left hand and a Portapres Model-2 device (Institute of Applied Physics Biomedical Instrumentation, Amsterdam, The Netherlands). The spontaneous BRS was determined using the sequence and alpha coefficient methods (Nevrokard, BRS Ver. 5.1.3, Izola, Slovenia). For the sequence method, 20 the baroreflex sequences were defined by at least three consecutive beats in which the SBP and RR interval (an interval between adjacent normal QRS complexes) of the following beat either both increased or both decreased. The variation threshold was fixed at 1 mm Hg for the SBP and 5 ms for the pulse interval. Only those sequences for which changes in the two variables had a correlation coefficient of X0.9 were analyzed. For the alpha coefficient method, spectral analyses were performed on a series of 512 RR intervals and SBP. The alpha coefficient was computed as the square root of the ratio of the spectral powers of the RR interval and the SBP in the low-frequency (LF) band (0.04-0.15 Hz). 21 Only the points in the spectrum with a squared coherence 40.5 were included. Patients who developed syncope during the tilt test were not included in the study.
Statistical analysis
The continuous variables are summarized by the mean±s.d. The BRS indices, as subjected non-Gaussian distribution, are described by the median value and the interquartile range. Normality was assessed with the Kolmogorov-Smirnov and Shapiro-Wilks tests. The groups were compared using Student's t-test or the non-parametric Mann-Whitney U-test, as appropriate. Changes in the parameters with repeated measurements during follow-up were analyzed using dedicated analysis of variance tests (parametric and non-parametric). Pearson correlation was used to study the association between the variables. Based on the clinical and echocardiographic data that were obtained for the hypertensive patients with LVH during the prospective observation (age, RR interval, SBP, body mass index (BMI), LVM/H 2.7 , E/A ratio, deceleration time, isovolumic relaxation time, the E/E' sept ratio, E' sept , left atrium diameter (LA diam ) and as dichotomous variables: treatment with -telmisartan/-hydrochlorothiazide/-amlodipine/-beta-blocker), a multivariate linear regression analysis and an adaptive regression splines analysis, 22 in which the assumption of linear correlations between the dependent and independent variables is not necessary, were performed to identify independent predictors of the BRS. The significance level was established as Po0.05. All of the statistical analyses were performed using STATISTICA version 10 statistical software (StatSoft Inc, Tulsa, OK, USA).
RESULTS
Baseline characteristics of the hypertensive patients with LVH There were no age or gender differences between the patients with and without LVH and normal subjects. The patients with LVH had a significantly increased BMI as compared with the healthy controls. The blood pressure values from the 24-h monitoring are included in Table 1 .
Cardiac structure and function The LV ejection fraction and LV end-diastolic diameter did not differ between the study groups ( Table 1 ). The relative wall thickness and LVM index were significantly greater in the hypertensive patients with LVH as compared with both control groups (Po0.0001 vs normotensives and hypertensive patients without LVH (LVH À )). Assuming that normal LV diastolic function is represented by the results obtained in the normotensive subjects, the hypertensive patients with LVH had significantly altered indices derived from the conventional mitral Doppler echocardiography and TDI. A similar significant difference was found between the diastolic function parameters of the hypertensive patients with and without LVH. The diastolic relaxation velocity of the septal mitral annulus was significantly impaired in the hypertensive patients with LVH as compared with healthy controls and hypertensive patients without LVH (E' sept -7.0 ± 1.7 cm s -1 vs 8.7 ± 1.4 cm s -1 and 8.5 ± 1.6 cm s -1 ; Po0.005 vs normotensives and LVH-, respectively). There were no significant differences in the ratio of the E velocity to the early diastolic velocity at the septal mitral annulus (E/E' sept ). However, the late diastolic transmitral velocity (A), which strongly correlates with E/E' sept ( Figure 1a ), was significantly increased in the hypertensive patients with LVH as compared with the healthy controls and hypertensives without LVH (Po0.005 vs normotensives and LVH À ), and the left atrial diameter was also increased (Po0.02 vs normotensives and LVH À ).
Baroreflex sensitivity
The average RR interval in the supine position and during tilting was comparable between the study groups, although there was a trend toward lower values during tilting in the hypertensive patients with LVH as compared with the normotensive controls (P ¼ 0.06 vs normotensives) ( Table 1) . The BRS indices, as measured by spectral analysis and the sequence method during tilting and in the supine position, except for the low-frequency component of the BRS (aLF BRS supine ), were significantly decreased in the hypertensive patients with LVH as compared with the control subjects. The low-frequency component, assessed both in the supine position (aLF BRS supine ) and during tilting (aLF BRS tilt ), and the BRS, measured using the sequence method (baroreflex sensitivity measured by the sequence method (BRS seq) supine ) in the supine position, were significantly lower than in hypertensive patients without LVH (Po0.02, Po0.02, and Po0.005, respectively, hypertensive patients with LVH (LVH þ ) vs LVH À ).
Prospective follow-up of hypertensive patients with LVH During the 6-and 18-month follow-ups, all the patients were on telmisartan therapy. Additional treatment with hydrochlorothiazide was used in 25% (6 month) and 45% (18 month), and with amlodipine in 13% (6 month) and 30% (18 month) of patients; because of additional indications,-three patients were started on a beta-adrenergic receptor blocker (two patients-sinus tachycardia, one patient-atrioventricular nodal reentry). Blood pressure was assessed by 24-h monitoring at 6 and 18 month ( Table 2) .
Improvement of diastolic function The significant reduction in the relative wall thickness and regression of the LVM were accompanied by improved diastolic function indices (Table 2 ). TDI revealed a significant increase in the diastolic relaxation velocity of the septal mitral annulus (E' sept ) from 7.0±1.7 cm s -1 at baseline to 8.0±2.2 cm/s -1 at 6 month and 7.8 ± 1.4 cm s -1 at 18 month (Po0.05 for both vs baseline). The E/E' sept , a marker of LV diastolic filling pressure, significantly decreased after 6 months (10.4±3.3 at baseline vs 9.3±2.4 at 6 month, Po0.05), but this effect did not remain significant during further observation ( Table 2 ). The late diastolic transmitral velocity (A) was markedly lower at 6-and 18-month follow-ups (Po0.001 for both vs baseline).
Changes in BRS
The average RR interval in the supine position and during tilting did not significantly change between follow-up examinations (Table 2 ). Both the supine and tilting BRSs obtained using the sequence method significantly increased after 6 months (Po0.05 and Po0.01 vs baseline, respectively), and this effect was maintained as regards the supine values at 18-month (Po0.05 vs baseline). The low-frequency component of the BRS assessed in the supine position was significantly higher at 6-and 18-month follow-ups (both Po0.05 vs baseline).
Relationship between LV diastolic function and BRS indices During an 18-month prospective follow-up, the improvement in the BRS paralleled favorable changes in the tissue Doppler diastolic function indices. The early diastolic annular velocity (E' sept ) positively correlated with the supine BRS that was obtained using the sequence method (r ¼ 0.46; Po0.0001; Figure 1b ) and with the low-frequency component of the BRS during tilting (r ¼ 0.53; Po0.0001; Figure 1c) . The E/E' sept was inversely correlated with the low-frequency component of the BRS during tilting (r ¼ À 0.35; P ¼ 0.002; Figure 1d ).
Supine position
A multivariable linear regression analysis demonstrated that age, RR interval supine , E' sept as well as treatment with telmistartan and with hydrochlorothiazide (dichotomous variables), were significant independent predictors of the BRS measured by the sequence method in the supine position (Table 3) . When a change in the BRS between successive measurements, that is, between baseline and 6 month, and between 6-and 18-month follow-ups, was considered as the dependent variable, corresponding changes in RR interval supine , and E' sept between respective follow-ups were the only significant contributors to BRS variance (Table 4 ). In the best , where E/E' sept o11.0 is associated with a significant impact on the supine BRS value (sequence method). If the E/E' sept is 411.0, then the equation y ¼ 11.0 À E/ E' sept yields a negative value, and the max (0, y) ¼ 0.
Tilting
The multivariable linear regression analysis demonstrated that age, SBP 24 h, RR interval tilt , E' sept and BMI, were significant independent predictors of the low-frequency component of BRS during tilting (natural logarithm aLF BRS tilt ), accounting for 55% of the overall BRS variance (Table 5) . When a change in the BRS (delta aLF BRS tilt ) between successive measurements, that is, between baseline and 6 month, and between 6-and 18-month follow-ups, was considered as the dependent variable, corresponding changes in SBP tilt, RR interval tilt and E' sept between respective follow-ups were significant contributors to BRS variance (Table 6 ). Taking into account the significance of SBP tilt change, a linear regression analysis that included SBP tilt instead of SBP 24 h as an independent variable was performed. It revealed that RR interval tilt , E' sept , LA diam /BSA and BMI were significantly related to the low-frequency component of the BRS during tilting ( Linear regression: (a) between the ratio of the early diastolic transmitral velocity to the early diastolic velocity at the septal mitral annulus (E/E' sept ), and the late diastolic transmitral velocity (A) (pooled data for the entire study population, comprising the follow-up for the hypertensive patients with LVH), and (b-d) between LV diastolic function indices and spontaneous BRS parameters (log transformed baseline and follow-up autonomic indices of the hypertensive patients with LVH). BRS, baroreflex sensitivity; E' sept , early diastolic velocity at the septal mitral annulus; aLF, low-frequency component (spectral analysis). Relationship between BRS and daytime SBP variability The low-frequency component of the BRS while tilting was inversely correlated with the daytime SBP variability (r ¼ À 0.42; Po0.0001; Figure 2 ).
DISCUSSION
Our results proved that in hypertensive patients with LVH receiving long-term pharmacological intervention the degree of diastolic dysfunction expressed by impaired relaxation is independently associated with the impairment of the BRS both at rest *, the E/A ratio*, DT*, IVRT*, the E/E' sept ratio*, E' sept , LA diam /BSA*, and as dichotomous variables: treatment with -telmisartan/-hydrochlorothiazide/-amlodipine*/-beta-blocker*) were obtained in LVH þ at baseline, 6-and 18-month follow-ups. *These variables did not enter the final multivariable model. Abbreviations: BMI, body mass index; BRS seq supine, baroreflex sensitivity measured using the sequence method in the supine position; BSA, body surface area; DT, deceleration time; E' sept , early diastolic velocity at the septal mitral annulus; IVRT, isovolumic relaxation time; LVH þ , hypertensive patients with left ventricular hypertrophy; LVM, left ventricular mass; SBP, systolic blood pressure. R ¼ 0.8; R 2 ¼ 0.64; corrected R 2 ¼ 0.62; F (2, 43) ¼ 37.424; Po0.00001. Changes in BRS seq supine (delta BRS seq supine ) were calculated as differences between baseline and 6-month, and between 6-month and 18-month follow-up values in hypertensive patients with LVH. Corresponding changes (noted in the Table as delta) between respective follow-ups were computed for the following independent entry variables: age*, RR interval supine , SBP 24 h*, SBP supine *, BMI*, LVM/H 2.7 *, the E/A ratio*, DT*, IVRT*, the E/E' sept ratio*, E' sept , and LA diam /BSA*. *Changes concerning these variables did not enter the final multivariable model. *, E/A ratio*, DT*, IVRT*, the E/E' sept ratio*, E' sept , LA diam /BSA*, and as dichotomous variables: treatment with -telmisartan*/-hydrochlorothiazide*/-amlodipine*/-beta-blocker*) were obtained in LVH þ at baseline, 6-and 18-month follow-ups. *These variables did not enter the final multivariable model. 
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4175; Po0.003. Abbreviations: BMI, body mass index; BSA, body surface area; DT, deceleration time; E' sept , early diastolic velocity at the septal mitral annulus; IVRT, isovolumic relaxation time; aLF BRS tilt , the low-frequency component (spectral analysis) of BRS obtained during tilting; LVH, left ventricular hypertrophy; LVM, left ventricular mass; SBP, systolic blood pressure. Changes in aLF BRS tilt were calculated as differences between baseline and 6-month, and between 6-month and 18-month follow-up values in hypertensive patients with LVH. Corresponding changes (noted in the Table as delta) between respective follow-ups were computed for the following independent entry variables: age*, SBP 24 h*, SBP tilt , RR interval tilt , BMI*, LVM/H 2.7 *, the E/A ratio*, DT*, IVRT*, the E/E' sept ratio*, E' sept , and LA diam /BSA*. *Changes concerning these variables did not enter the final multivariable model. Relationship between LV diastolic function and autonomic activity: possible mechanisms and clinical significance Grassi et al. 13 compared two hypertensive groups who were matched in terms of age and their clinical and echocardiographic parameters (including E/E') and revealed a significant increase in the muscle sympathetic nerve activity and attenuated baroreflexmuscle sympathetic nerve activity sensitivity in subjects with LV diastolic dysfunction as compared with those with normal diastolic function. In hypertensive patients, impairment in the BRS, assessed using the time-domain method in the supine position, is related to the degree of diastolic dysfunction, and LV relaxation-derived parameters are significantly associated with supine BRS in univariate analysis.
14 One mechanism that could be responsible for these associations is undoubtedly the progression of the diastolic dysfunction caused by the central sympathetic outflow. Mostarda et al. 23 demonstrated that isolated baroreflex impairment after sinoaortic denervation is associated with increased cardiac mass and collagen content, diastolic dysfunction at the cellular and molecular levels, and increased LV end-diastolic pressure. Novel device-and procedure-based strategies used to treat resistant hypertension have provided similar evidence. Renal nerve ablation targeting afferent and efferent renal nerve signaling 24 and the stimulation of sympathoinhibitory carotid sinus baroreflex afferents 25 result in reduced central sympathetic outflow. These changes translate into a substantial reduction in the LVM, improved LV diastolic function and end-diastolic pressure, decreased left atrial size and improved cardiac BRS. 26, 27 In our study, treatment with telmisartan as monotherapy or combined with other drugs (hydrochlorothiazide, amlodipine) led to improved LV myocardial relaxation rate and favorable changes in the indices reflecting the LV filling pressure, which were paralleled by a marked increase in the BRS. The Swedish Irbesartan Left Ventricular Hypertrophy Investigation vs Atenolol (SILVHIA) study performed in hypertensive patients with LVH proved the efficacy of the angiotensin receptor blocker irbesartan in the improvement of TDI-derived diastolic function indices. 6 The exact mechanism by which enhanced BRS was achieved in our study patients is not clear. Studies have shown that the cardiac sympathetic afferent reflex is augmented in chronic heart failure. 28 Gao et al. 29 showed that baroreflex impairment results from tonic cardiac sympathetic afferent input and is mediated by central AT1 receptors. These authors demonstrated that in heart failure the intracerebroventricular administration of losartan enhances the baroreflex response. In the presence of a stimulus in the hypertensive heart (increased wall stress), a self-perpetuating relationship of the mast cells activating afferent nerve fibers and thus upregulating sympathetic outflow has been reported. 30 Inflammatory processes that are induced by the interaction of the sympathetic nervous system with cardiac mast cells are responsible for myocardial fibrosis and hypertrophy. The inhibition of local AT1 receptors in the heart results in amelioration of cardiac structure and improved diastolic function. Normalization of LV relaxation rate and filling pressure, may attenuate excitatory afferent sympathetic activity. In our study linear regression analyses have proven that during follow-up LV myocardial relaxation index (E' sept ) independently of other clinical and echocardiographic variables influenced the supine BRS, whereas a multivariate adaptive regression splines analysis highlights the significance of the E/E' sept ratio. The lower the value of this surrogate for LV filling pressure, the greater the supine BRS.
The BRS is associated with a hemodynamic status resulting not only from LV diastolic dysfunction, but also from plasma volume alterations. Both a Bainbridge reflex (tachycardia with hypervolemia) occurring during excessive volume expansion and central hypovolemia relate to impaired baroreflex, expressed respectively by reduced high frequency gain of the respiratory sinus arrhythmia, and decreased high frequency gain of the BRS. 31, 32 The highest values of the BRS (a LF BRS) are observed at optimal volume load, that is, at mild hypervolemia. 31 Some regress of the initially improved BRS that took place between 6-and 18-month of follow-up, despite unchanged LV substrate (LVM and E' sept at 6-and 18-month are not significantly different) may be due to an increase in the rate of hydrochlorothiazide administration (25% vs 45%; 6 vs 18 month; respectively) and related plasma volume reductions (see also Table 3 ).
Relationship between LV diastolic function and autonomic activity during orthostatic stress The low-frequency component of SBP variability depends on the sympathetic outflow to the vascular smooth muscle, modulated by the baroreflex. 33 The baroreflex physiologically influences the blood pressure, buffering its fluctuations through an adaptation in the cardiac output and vascular resistance. 34 In hypertensive patients with LVH, blunting the low-frequency component of the BRS during tilting may represent an altered autonomic response to the gravitational stress that is provoked by impaired LV diastolic filling. Diastolic dysfunction may be capable of further enhancing sympathetic activation in these circumstances. In subjects with intact LV diastolic function and vagal reserve, the withdrawal of the parasympathetic tone in response to tilting (unloading of cardiopulmonary baroreceptors) accounts for an adequate increase in the LV relaxation rate and heart rate to provide sufficient ventricular 'suction' and cardiac output to maintain the blood pressure. The independent associations between early diastolic velocity at the septal mitral annulus, a measure of LV relaxation rate, and the low-frequency component of the BRS during tilting (Tables 5, 6 and 7) may confirm such a scenario. In hypertensive patients with LV diastolic impairment, enhanced sympathetic activity is the predominant mechanism for increasing the peripheral vascular resistance, thus providing an appropriate mean blood pressure during orthostasis. The low-frequency component of the BRS during tilting may reflect the extent of this autonomic dysfunction, that is, increased sympathetic activity with limited vagal reserve. The adaptive regression splines analysis (Equation 2) showed that during follow-up the E/E' sept ratio and echocardiographic variables influenced the low-frequency component of the BRS during tilting. The results (Equation 2; Table 7 ) may suggest that rather a combination of echocardiographic parameters that estimate LV diastolic function more accurately than any single variable alone, 35 should be used to predict impairment of the BRS during gravitational stress.
The low-frequency component of the BRS during tilting was significantly correlated with the daytime SBP variability (Figure 2 )-an increasingly blunted Mayer's wave frequency component of the BRS was related to higher variability in the daytime blood pressure.
CONCLUSIONS
The LV diastolic function indices are independently associated with the BRS obtained both at rest and during orthostatic stress in hypertensive patients with LVH receiving long-term pharmacological intervention.
Perspectives
This study may have clinical implications. To date, the role of the BRS as assessed by power spectral analysis for predicting cardiovascular events in patients with hypertension has not been explicitly determined. We suggest that the BRS may provide incremental prognostic information, especially when additionally measured during orthostatic stress in the Mayer's wave frequency. Taking into account independent associations between the LV diastolic function indices and autonomic markers, it may also be worth examining a reduced value of the BRS during a dynamic challenge as an additional criterion for diagnosing heart failure with preserved systolic function.
What is known about the topic LV diastolic dysfunction and impaired BRS are predictors of cardiovascular morbidity and mortality in hypertensive patients. An association between LV diastolic function and the BRS indices has been reported in different cardiovascular conditions, but the mechanism and causality have not been explicitly established.
What this study adds LV diastolic function is associated with the BRS assessed at rest and during orthostatic stress in hypertensive patients with LVH receiving long-term pharmacological intervention. The TDI index reflecting the rate of LV myocardial relaxation (E' sept ) and a surrogate for LV filling pressure (the E/E' sept ratio), considered together with LA diam indexed to BSA are independent predictors of the low-frequency component of the BRS during tilting.
